The role of the kidney in the regulation of the pH of extracellular fluids has been adequately described (1, 2) . However, although the alterations in muscle composition accompanying changes in acid-base balance have been pointed out (3) , quantitative evaluation of the effects of these changes in muscle composition on the acid-base equilibrium of extracellular fluids has received little attention. The determination of the precise role of kidney and of muscle cell in modifying extracellular composition has been handicapped by the difficulty in designing experiments which separate the influence of different organs and systems. The need for a "body-less kidney" or a "kidney-less body" in the study of this problem has been emphasized by Darrow (4) .
The physiological basis for metabolic alkalosis associated with potassium deficiency has not been satisfactorily determined. On the basis of changes in renal potassium excretion during administration of the carbonic anhydrase inhibitor, 6063, Berliner, Kennedy, and Orloff (5) have postulated that alkalosis in potassium deficiency results from the excessive substitution of hydrogen and ammonium ions for sodium in the distal tubule of the kidney. In this way chloride is excreted without sodium and hypochloremic alkalosis of the extracellular fluid results.
This paper presents the findings in experiments designed to test this hypothesis by simultaneous measurement of renal excretion and analysis of serum and muscle of rats during recovery from potassium deficiency alkalosis. I 
PLAN OF EXPERIMENTS AND METHODS
Male albino rats, weighing 250-300 grams, were made alkalotic and potassium deficient in the course of 3½ weeks by the feeding of a potassium-deficient diet4 and the intraperitoneal injection of 2 mg. of desoxyccrticosterone acetate (DCA)5 daily. An isotonic solution of sodium chloride and sodium acetate, with a molecular sodium to chloride ratio of 1.5/1.0, was substituted for drinking water and was the sole source of sodium and chloride.
Animals were then divided into two groups of nine animals each and transferred to individual metabolism cages. Distilled water was substituted for the salt solution, DCA injections were discontinued but the diet was not modified. The intake of food by each group was grossly the same although paired feeding was not carried out. Even large differences in food intake could not significantly affect the urinary excretion since the diet was devoid of sodium, potassium, and chloride and contained only small quantities of phosphorus, calcium, magnesium, and trace elements. After three days a control urine collection for 24 hours was obtained.
Group K then received 3 mM of KC1 per kilogram of body weight twice daily, administered intraperitoneally as isotonic potassium chloride. Complete urine collections were obtained and analyzed each day. This dosage of potassium chloride approximates the maximum used in the repair of potassium deficiency in humans. Larger doses are poorly tolerated by the animals. Group Na received twice daily intraperitoneal injections of the equivalent amount of chloride as Group K in the form of isotonic sodium chloride and all urine was likewise collected and analyzed.
All cages, screens and funnels were treated with a silicone to facilitate rapid and complete drainage. All urine was collected under toluene and mineral oil. Feces were excluded from urine but were not analyzed.
Other animals were treated similarly except that urine was not collected. These animals were sacrificed at the beginning of and at appropriate intervals throughout the 4 Constituents per Kg. of Diet-dextrin 550 g., hydrogenated vegetable oil (Swiftning) 150 g., raw casein 100 g., vitaminized casein 100 g., corn oil 100 g., vitaminized corn oil 100 g., basic salts 5 g. (including calcium, phosphorus, iron, zinc, copper, manganese, magnesium). 5 Percorten, supplied by Ciba, Inc., Summit, N. J., whose generosity made possible these studies.
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experiment. Analyses of blood drawn from the abdominal aorta during ether anesthesia and of muscle after exsanguination were obtained on these animals as well as those studied in metabolism cages.
The methods of analysis are the same as were used earlier in this laboratory with the exception that sodium and potassium were determined by a Barclay internal standard flame photometer. The microdiffusion method of Conway (6) 
RESULTS
Results are presented as the mean of each group since the variations among animals of the same group were small. The significant trends in urinary excretion which occurred during the course of the experiments were observed in every animal studied.
There was essentially no difference in mean renal excretion between Groups K and Na during the control period (day 1 in Figures 1-8 ). There was a marked difference in composition of urine between Groups K and Na after injections of potassium and sodium chloride were begun.
Group K excreted urine of lower pH and bicarbonate content and higher titratable acidity than Group Na. These findings became more marked as the experiment progressed (Figures 1, 2, 3 ). Kg. of potassium had been administered. In those animals receiving sodium chloride the excretion of sodium was almost equivalent to the administered sodium from the first day of the experiment ( Figure 5 ). The excretion of potassium by Group K did not increase significantly until 12 mM/Kg. of potassium had been injected ( Figure 6 ) and it was not until 24 mM/Kg. had been administered that excretion of potassium approximated the intake. There was essentially no increase in potassium excretion in those animals given sodium chloride ( Figure 6 ).
There was a fall in phosphorous excretion after the administration of 6 mM/Kg. of potassium but there was no consistent difference in the excretion of phosphorus between the two groups of animals ( Figure 7 ). There was no uniform difference in Cl excretion between the two groups ( Figure 8 ).
The average cumulative balance of potassium, sodium and chloride was calculated for each group of animals. The intake of each ion was that administered by injection. The loss of these ions in the feces was not included in the calculation of outgo and probably produces a small but significant error in the potassium balance only. In the potassium chloride treated animals the retention of potassium amounted to 20.2 mM/Kg. of body weight over six days and the loss of sodium amounted to 10.8 mM/Kg. of body weight. The retention of chloride was less than the sum of the retentions of sodium and potassium. This difference was more marked in the animals receiving potassium chloride than in those receiving sodium chloride ( Figure 9 ). There were insignificant retentions of sodium and chloride and a very small loss of potassium in the animals that received sodium chloride (Figure 10) .
Analysis of serum during and at the end of the experiment revealed complete correction of the extracellular hypochloremic alkalosis in those animals receiving potassium chloride (initial serum bicarbonate concentration = 30.0 mM/L, final se- sium deficiency (3). There was marked increase in muscle sodium and decrease in muscle potassium (Table II) . The increase in intracellular sodium amounted to about two-thirds of the decrease in intracellular potassium as described earlier (3, 7). (ANai = -2/3AKi). In group K, analysis of muscle during and at the end of the experiment revealed a gradual return toward normal composition (Table II) . The fall in intracellular sodium during repair lagged somewhat behind the rise in intracellular potassium. The changes in muscle composition were reflected in equivalent changes in urinary excretion ( Figures  11 and 12 ).
DISCUSSION
The results of these experiments present a paradox. Thus, although renal regulation must ultimately determine extracellular composition, the rats receiving potassium chloride recovered from metabolic alkalosis while the kidneys excreted a urine with greater titratable acidity and ammonia and lower bicarbonate content than the rats receiving sodium chloride. Furthermore, the rats receiving potassium chloride excreted chloride in excess of sodium plus potassium. If these excretions are considered from-the point of view of extracellular fluid alone, recovery from alkalosis is not explained. The urine findings and the correction of extracellular alkalosis must then be H+ (from cell in exchange for K+) the result of exchange of ions between extracellular fluid and muscle cell. In effect these potassiumdeficient, alkalotic rats from the standpoint of the body as a whole had a deficit of fixed cation which was in excess of the deficit of fixed anion. Thus the chloride excretion during repair was greater than the sum of the sodium and potassium excretions. Likewise the deficit of potassium in the body was considerably greater than the excess of sodium.
The magnitude of these disturbances and the nature of the exchange of ions between cell and extracellular fluid are indicated by muscle analysis. Darrow and his associates (3), originally, and Muntwyler and Griffin (7), subsequently, demonstrated that, in potassium deficiency with alkalosis, the rise in intracellular sodium amounted to approximately two-thirds of the fall in intracellular potassium. Since normal muscle composition is restored by the administration of potassium chloride, approximately three potassium ions must have entered the cell for every two sodium ions leaving it during repair (Figure 13 ). If electrical neutrality is to be maintained, some cation other than sodium must have been exchanged for potassium. The data of Cotlove and his associates (8) indicate that the other cation exchanged is not calcium or magnesium. By exclusion the exchange of hydrogen ion from within the cell for potassium of extracellular fluid must have occurred. This exchange of hydrogen ion for fixed cation is identical with the concept of change in base-binding capacity of the cell anion, since the basis of alteration in base-binding capacity of anion is the substitution of hydrogen ion for fixed cation with alteration in dissociation of the compound that results.
H+ + K+ + A-HA + K+ The exchange of extracellular potassium for intracellular hydrogen lowers the extracellular bicarbonate concentration if potassium is administered along with a fixed anion such as chloride. By this exchange a strong acid is formed which reacts with extracellular bicarbonate to form carbon dioxide.
C02 + H20
TI + Cl-+ Na+ + HC03-i Na+ + Cl-+ H2C03
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It is likely that the interchange of hydrogen for potassium which is described is not a reaction which is suddenly initiated under these particular circumstances but rather is an established equilibrium, such as may occur in yeast (9) . The net exchange described would result from an alteration in the equilibrium point with an altered concentration of reactants on each side of the membrane.
During repair of alkalosis with potassium chloride the magnitude of the change in extracellular composition which is imposed by the transfer of electrolyte from the cell can be readily calculated from the changes in intracellular composition. The net exchange of sodium, potassium, chloride and hydrogen ions at the membrane will be reflected. in changes in extracellular composition and in altered excretion of anions and cations by the kidney.
In the calculation of the theoretical balance of electrolyte from changes in muscle composition three quite probable assumptions are made. First, muscle is assumed to make up 50 per cent of the body weight. Second, extracellular fluid is assumed to be 20 per cent of the body weight after correction with potassium chloride. Third, the fatfree solids (FFS) of muscle are considered to remain constant over a short period of time. The actual body balance of chloride, sodium and potassium after 18 mM per kilogram of potassium chloride had been injected (three days) is of the same order of magnitude as the theoretical balance calculated from observed changes in muscle composition during the same period of study. The balances are compared for this period of study rather than at the end of one week to minimize cumulative errors arising from undetermined losses and to emphasize the large changes in body composition which occur rapidly. It is assumed that the determined balance of chloride, 3.7 mM/Kg., remains in extracellular fluid. This balance of extracellular chloride is used to calculate the change in extracellular volume according to the method of Darrow (10). If the difference between the decrease in sodium within muscle (A (Na)i) and the increase in potassium (A(K)j) during repair with potassium chloride is assumed to be mainly hydrogen ion transferred from cells to extracellular fluid, it is possible to calculate the theoretical decrease in the amount of extracellular bicarbonate (theoretical A (HCO5)e) which results from extrarenal correction. The nomogram of Singer and Hastings (11) is also used to correct for the buffering capacity of whole blood with the observed change in pH. and equaled 120 g./Kg. of rat. Subscripts "e" and "i" refer to extracellular and intracellular, respectively. Subscripts "1'" and "2" refer to values before and after correction, respectively. The data presented illustrate the correction of extracellular alkalosis associated with potassium deficiency by the transfer of electrolyte between muscle cells and the surrounding fluids. The converse reactions between muscle cells and extracellular fluid must occur during the development of this type of change in body composition, i.e., in alkalosis associated with potassium deficiency. Figure 14 is a schematic representation of the transfers of electrolyte during development of potassium deficiency. It is, of course, obvious that dissolved carbon dioxide (carbonic acid) produced by the cells does not represent a load to be excreted by the kidney and that with intact respiratory mechanisms carbon dioxide is of little importance in altering the electrolyte pattern of extracellular fluids. The exchange of fixed cation from the cell for hydrogen ion, which is derived from the dissociation of carbonic acid of extracellular fluid, produces the same effect on extracellular composition as would the addition of potassium bicarbonate to the extracellular space. Under these conditions extracellular bicarbonate concentration must rise unless the kidneys excrete fixed cation in excess of fixed anion.
It is clear from the calculations of the theoretical bicarbonate reduction which is produced by exchange at the cell membrane during recovery. from potassium deficiency that a corresponding production of bicarbonate occurs during genesis of potassium deficiency. It is not clear, however, why the kidneys in potassium deficiency do not compensate for this load of fixed cation in excess of fixed anion and thereby preserve extracellular electrolyte concentration. A satisfactory explanation of this failure in renal regulation of extracellular composition would probably also explain the failure of sodium chloride to correct the extracellular alkalosis associated with potassium deficiency.
If the changes in composition that have been described for muscle in alkalosis associated with potassium deficiency also apply to the cells of the distal tubule of the kidney, these abnormalities in renal adjustment of alkalosis could be explained. These cells would then contain an excess of sodium and hydrogen ions and a deficiency of potassium. Excretion of sodium in excess of chloride would thus be impaired as postulated by Berliner, Kennedy, and Orloff (5) . Analysis of rats with potassium deficiency did not reveal such a change in the composition of whole kidneys (12) . If such a change occurs in certain cells, it is obscured by the method of analysis which, of necessity, included all cells, tubular urine, and extracellular fluid.
SUMMARY
Alkalosis associated with potassium deficiency was produced in rats by injection of desoxycorticosterone acetate while on a diet deficient in potassium and containing an excess of sodium over chloride. Over a period of six days one group of these animals received injections of 6 mM/Kg. of potassium chloride daily, while another group received 6 mM/Kg. of sodium chloride per day.
The group receiving potassium chloride restored serum and muscle composition to normal over a period of three to six days. This repair was accompanied by an increase in urinary titratable acidity and ammonia. The sodium chloride group showed no correction of serum or muscle composition and there was no change in urinary titratable acidity and ammonia over this period.
It is pointed out that the repair of alkalosis in the rats receiving potassium chloride is accounted for by the transport of electrolyte between muscle and extracellular fluids. Since the gain of potassium by the cells is greater than the loss of sodium from the cells, hydrogen ion must be exchanged to preserve electrical neutrality. The calculated net exchange of hydrogen ion from cell to extracellular fluid is sufficient to account for the reduction in serum bicarbonate concentration and the increase in urinary titratable acidity and ammonia.
A general theory of extrarenal modification of acid-base balance is formulated from these findings.
